In this letter, we analyze the outage performance of decode-and-forward relay systems with imperfect MRC receiver at the destination. Unlike the conventional perfect MRC, the weight of each branch of the imperfect MRC receiver is only the conjugate of the channel impulse response, not being normalized by the noise variance. We derive an exact closed-form expression for the outage probability over dissimilar Nakagami-m fading channels. Various numerical examples confirm the proposed analysis. key words : decode-and-forward, imperfect MRC, outage probability 
Introduction
Recently cooperative relaying technique has gained increasing interests for its ability to mitigate fading in wireless networks by achieving space diversity. Decode-and-forward (DF) relaying protocol is one of the most popular cooperation schemes and the outage probability for DF relay systems under maximal-ratio-combining (MRC) and selectioncombining (SC) at the receiver has been well evaluated in Nakagami-m fading channels [1] - [4] . Among various diversity combining schemes at the destination, maximal-ratiocombining (MRC) has been known as the optimum in terms of maximum combined sighal-to-noise ratio (SNR). The received signal in each branch of the MRC receiver is multiplied by the weight which is the conjugate of the channel impulse response divided by the noise variance in each branch. So, an indispensable assumption of these systems is the perfect knowledge of the channel state information and the noise variance of each branch.
In [5] , a receiver named imperfect MRC was proposed. Different of MRC, the weight for imperfect MRC is only the conjugate of the channel impulse response, not being normalized by the noise variance. Thus, it is more suitable for using imperfect MRC in cooperative communication systems to reduce the complexity by avoiding the estimation of noise variance.
In this paper, we will present the accurate outage probability performance analysis of the decode-andforward cooperative systems with imperfect MRC receiver in dissimilar Nakagami-m fading channels, and investigate the effect of noise imbalance on the outage performance. Numerical and computer simulations confirm our mathematical analysis.
System Model
The considered decode-and-forward cooperative communication system includes the source S, the destination D, and a relay R. Each of the nodes (source, relay and destination) is equipped with a single antenna and operates in halfduplex mode. The decode-and-forward protocol considered here is realized over two consecutive time slots. During the first time slot, the source broadcasts the signal to the destination and the relay. The relay then decodes the received signal and checks if it is correct, which can possibly be done through examining the included cyclic redundancy check (CRC) digits or signal-to-noise-ratio (SNR) levels. If the symbol is correctly decoded, the relay will forward it to the destination during the second slot; otherwise, the source repeats its transmission in the second slot and the relay keeps silence. Finally, the destination combines the received signals from the two consecutive time slots using the imperfect MRC receiver. The fading channel coefficients between S and D are denoted by h sd . Let h sd = |h sd |e jθ where |h sd | is Nakagami distributed with parameters (m 0 , Ω 0 ), and θ is assumed to be uniformly distributed over (0, 2π] . Hence the probability density function of |h sd | is given by
where U(·) signifies the unit step function and Γ(·) is the gamma function. The amplitudes of the fading channel links between S to R |h sr | and R to D |h rd | are also modeled as Nakagami-m variables with parameters (m 1 , Ω 1 ) and (m 2 , Ω 2 ), respectively. Thus, the effective power channel gains |h sd | 2 , |h sr | 2 , and |h rd | 2 , follow gamma distributions with scale parameters λ 0 = Ω 0 /m 0 , λ 1 = Ω 1 /m 1 , and λ 2 = Ω 2 /m 2 . In addition, zero-mean additive white Gaussian noise with variances σ 
Outage Probability Analysis
The outage probability is defined as the probability that the instantaneous SNR at the receiver falls below a certain Copyright c 2010 The Institute of Electronics, Information and Communication Engineers threshold γ th . If the instantaneous SNR is higher than γ th , we assume that the relay successfully decodes the signal transmitted by the source. Furthermore, we define the events that the relay can successfully decode the signal and not as event A and B. So, the probability of event A can be expressed by
where Γ(a, x) = Therefore, using the law of total probability, the outage probability P out at the destination can be expressed as
where F γ A (·) and F γ B (·) is the cumulative distribution function of the instantaneous SNR γ A and γ B for event A and B at the receiver, respectively. For event B, according to the transmission protocol, the destination receives the signal from the source twice. So,
For event A, at the destination node, we consider the imperfect MRC receiver, where the received signals from the source and the cooperative node are multiplied by the conjugate of the channel impulse response without normalization of the noise variance. So we have
where σ 
Without loss of generality we only consider the case that β ≥ 1 † . Considering the integration range described above, we can obtain the CDF of F γ A (x)
By performing variable substitution t = 4 + x(β−1)t 2 , and using [6, Eq. (3.381.4)], we can obtain
With the help of the [6, Eq. (8.343)], we have
Using the binomial theorem [6, Eq. (1.110)] to express
in terms of series sums, respectively, and with the help of [6, Eq. (3.381.4)], we can get the final expression of (9) in a series form
where
Substituting (2), (4) and (10) to (3), we can obtain the closed-form expression of the outage probability P out .
Numerical Results
In this section, we show Monte-Carlo simulation results and compare with our analysis results in (10) over Nakagami-m channels, with parameters Ω 0 = Ω 1 = Ω 2 = 1 and m 0 = 1, m 1 = 0.8, and m 2 = 2. We also investigate the effect of different parameter β on the outage performance when the destination employs perfect MRC [2] , perfect SC [3] and imperfect MRC.
In Fig. 1 , we show the simulation curves and the analytical curves of the outage probabilities versus the SNR threshold γ th with different β when the destination employs three different combining schemes. It can clearly be seen † Because, for the case β < 1, we may redo the normalizations as E s /σ from the figure that the simulation curves match exactly with analytical ones. We can also see that the performance of the imperfect MRC seriously degrades as the imbalance degree of the noise variance between links increases. As β increases, the outage probability of imperfect MRC goes to worse. It is interesting to see that the imperfect MRC is outperformed by the perfect SC when β is larger than 4.
Conclusion
In this letter, we have analyzed the outage performance of the decode-and-forward cooperative system using imperfect MRC receiver. The closed form expression of the outage probability has been derived over dissimilar Nakagami-m fading channels. The solution is helpful to investigate the effect of noise imbalance on the outage performance of the decode-and-forward cooperative system.
